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Red  blood  cell  Mobility  and  whole  blood  viscosity  were  measured  in  15  baboons 
after  the  intravenous  administration  of  heparin  or  Intralipid  or  both.  Red  cell 
mobility  and  whole  blood  viscosity  did  not  change  in  the  group  given  heparin. 

The  animals  given  fat  or  fat  and  heparin  shoved  a  decrease  in  red  cell  nobility. 
The  whole  K»ood  viscosity,  however,  decreased  in  the  group  given  just  fat  and 
heparin.  The  Implications  k?  these  findings  to  flow  through  the  microcirculation 
and  to  the  clinical  use  of  Intralipid  are  discussed. 
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Red  blood  cell  mobility  and  whole  blood 


viscosity  changes 
following  the 
administration  of 
intravenous  fat* 

T 

JLhc  use  of  fat  cmulsioni  for  intravenous 
feeding  has  been  widely  adopted  in  recent 
scars.  Since  many  of  the  patients  receiving 
these  solutions  may  have  significant  abnor¬ 
malities  in  the  mirvocirculation.  secondary  to 
the  underlying  disease  process  (c.g..  septic 
shock,  congestive  heart  failure,  or  other  con¬ 
ditions  etc.),  the  effect  of  the  intravenous 
administration  of  fat  on  the  microcirculation 
directly  ot  on  factors  that  significantly  influ¬ 
ence  the  microcirculation  is  of  major  impor¬ 
tance.  Merrill"  5  states  that  the  rheological 
properties  of  blued  arc  not  significantly 
altered  by  hyperlipemia;  however,  Krocgcr 
fecit  that  hyperlipemia  docs  result  in  de¬ 
creased  blood  flow  through  the  capillaries. 
The  present  study  was  undertaken  to  evalu¬ 
ate  the  effect  of  Intralipid.J  a  commercial 
fat  emulsion,  on  two  rheological  projjcrtics 
of  Hood. 

MATERIALS  AND  METHODS 

Fifteen  adult  male  baboons  ( Papxo  do  pu¬ 
na'  ,  weighing  between  21  and  28  kilo- 
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grams,  were  studied  bv  dividing  them  into 
three  groujss  of  five  animals.  Hie  balloons 
were  fasted  for  eight  to  12  liours  prior  to  the 
study.  On  the  day  of  tl*e  experiment,  the 
animals  were  anesthetized  with  !-(l-phcnyl- 
cyclohcxyl )  pijieridine  hydrochloride  (Scrny- 
!an),  1.0  mg.  jier  kilognun  of  body  weight 
intramuscularly,  for  insertion  of  catheters 
into  one  femoral  artery  and  vein.  Each  ani¬ 
mal  was  then  placed  in  a  primate  chair  and 
allowed  to  awaken.  Four  hours  after  the 
Semvtan  injection,  when  the  baboon  was 
fully  awake,  the  experiment  was  begun.  One 
group  received  Intnilipid  alone,  one  group 
received  hejxirin  alone,  and  tin:  thin!  group 
received  both.  The  fat  emulsion  was  given 
intravenously  over  20  seconds  in  a  dost;  of 
0.4  Cm.  ;>cr  kilogram.  The.  dost;  of  Intraiipid 
given  to  thr  first  group  was  98.8  +  4.6  ml. 
and  the  dose  given  to  the  third  group  was 
99.4  *  4.4  ml.  Likewise,  heparin  was  given 
the.  same  way  in  a  dost*  of  100  I.U.  jier  kilo¬ 
gram  of  l>ody  weight.  When  Intnilipid  and 
heparin  were  Ixith  given,  the  heparin  was 
administered  a  few  seconds  licftire  tlu;  fat 
was  administered. 

Illood  was  withdrawn  from  the  arterial 
catheter  prior  to  the  injection  of  the  fat  or 
heparin  or  Ixith  and  then  at  3.  10.  15.  20. 
30,  40,  50.  60.  70.  80.  and  120  minutes  after 
the  fat  injection.  The  Hood  was  immediately 
centrifuged  after  it  was  allowed  to  elot  for 
five  minutes,  and  the  scram  was  removed 
and  fro/eti  for  subsequent  analysis  of  free 
fatty  acids  and  total  lipids.  Free  fatty  neids 
were  analyzed  by  the  colorimetric  micro- 
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Table  I.  Serum  free  fairy  acids 

J  *3«T£S 

HiJtCTKX  Of  FAT  EMUt-SON 

Fiv;.  1.  TIic  rifrrt  of  iiitr.u rnous  heparin  at  a  dim- 
of  100  !,u.  per  kilogram  of  taxly  weight  on  serum 
level*  of  free  fatly  acids  and  total  lipid*.  The 
sallies  are  expresses!  as  the  mean  I  the  standard 
error  of  the  mean. 


Time 
mi  it.) 

}  Heparin 

|  Intralipid 

t  nit  nil  p  id 

1  and  heparin 

I  iuRq/nrl.) 

M/iximn 

0 

0.61  1  0.26* 

0.71  1  0.31 

0.59 1  0.16 

5 

0.71  10.17 

2.321  1.73 

11.3013.53 

10 

0.75 1 0.23 

2.20 1 0.93 

3.67  1  2.33 

!;> 

0.66  i  0.23 

4.53  1  l.HH 

9.62  1  2.00 

20 

0.9910.19 

4.221  1.18 

10.49  1  2.62 

:io 

1.11  10.40 

3.391  1.99 

11.4613.14 

40 

1.11 10.39 

3.31  1  1.36 

0.63  1  1.71 

5U 

0.96  ±  0.39 

5.41  1  2.39 

5.561  1.49 

60 

1.05 1 0.45 

3.321  1.83 

4.161  1.16 

70 

1.4410.3B 

2.34 1  2.06 

3.201  1.27 

ao 

1.2310.73 

4.93  1  3.43 

2.771  1.24 

120 

0.7610.15 

4.02  1  2.03 

2.53  ±1.18 

£.M«n  *  SK.Sf. 


method  tif  MueKen/ie  and  colleagues.6  Total 
lipids  were  measured  by  the  colorimetric 
metl  od  based  <»n  the  sulfo-phospho-vanillin 
reaction.* 

In  addition,  blood  was  '*hdrawn  front 
tin:  arterial  catheter  into  heparini/ed  tul>es 
at  zero,  15,  and  70  minutes  after  the  fat  in¬ 
jection  for  iiieasttretnem  of  red  blood  cell 
mobility  and  whole  blood  viscosity.  Sejuiratc 
plasma  viscosities  wen*  not  measured.  Electro, 
phoretic  mobility  was  determined  in  a  com¬ 
mercially  available  Northrup-Kunitz  cata- 
pbotests  apparatus*  similar  to  that  descrilxd 
bv  Abramson  and  co-wotkers.’  The  time  for 
red  cells  to  migrate  0.01  tutu,  in  an  electrical 
jiotential  gradient  of  2.86  v.  jier  centimeter 
was  determined  for  ten  cells  from  each 
sample.  All  measurements  were  made  in  a 
room  maintained  at  25  ±  l5  C.  The  heparin- 
tzed  blood  nut!  ftir  the  red  cell  mobility 
measurements  was  diluted  1 : 100  in  Isotonic 
phosphate-btiUVred  saline  at  pH  7.4.  Previ¬ 
ous  studies  in  this  lalxrmlory  have  shown 
shat  the  liejKirin  concentrations  used  for 
auticoagulation  (10  I.U.  per  milliliter)  do 
not  effect  electtopliorctir  mobility.*  Whole 
blood  viscosities  were  measured  in  a  cone- 
plate  inicroviscoinetert  at  shear  rates  of  113 
to  115  sec.'* 

Erythrocyte  surface  charge  is  related  t«» 

‘AriKwt  II.  Itmm**  Co.,  liuLuIrtohu,  V*. 

F.nttnernnc  .  Iw., 


electrophoretic  mobility  by  the  equation 
Q  =  6 v  rn  (r /Ex)  x  KH 
where  Q  is  ‘lie  charge  in  coulombs,  6r  is  a 
pro|x>rtionality  factor  from  Stokes’  law,  r  is 
the  radius  of  the  red  cell,  u  is  the  viscosity 
of  plasma,  and  (v/E\)  is  the  electrophoretic 
mobility  (velocity,  /potential  gradient t.  The 
factor  10';  Is  needed  to  convert  the  final 
result  to  eotilombs.  The  formula  must  hr1 
considered  an  approximation  as  the  factor 
6-.-  is  exact  only  for  a  sphere. 

The-  mean,  standard  deviation,  and  stan¬ 
dard  cirnr  wen:  calculated  for  all  data,  and 
statistical  significance  was  determined  with 
Student's  t  test  ar.d  analysis  of  variance. 

RESII.TS 

The  group  treated  with  heparin  showed 
no  significant  changes  in  free  fatty  acids  or 
total  lipids  during  the  cxjicrimcnt  (Fig.  1 
and  Tables  I  and  If'.  The  animals  given 
Intralipid  alonJ  showed  a  rise  in  total  Kpids 
within  five  minutes  after  injection  of  the  fat 
(from  a  mean  ±  SEM  [standard  error  of  tlsc 
mean]  of  351  ±  32  mg.  per  100  ml.  to  880 
±  69  mg.  jx-r  100  ml.,  p  <  O.OOi’i  (Fig.  21. 
’litis  peak  value  Ixgan  to  decrease  over  the 
next  Imur  and  returned  to  a  base-line  level  of 
554  +  112  (p  >  0.05  )  70  minutes  after  the 
injection.  Tin;  fatty  acids  immediately  rose 
five  minutes  after  the  injection,  reaching  a 
(x-ak  value  of  4.58  ±  1.88  uEq  \tcr  milliliter 
(p  <  0.025 "•  15  minutes  after  administration 
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l'ablc  11.  Serum  total  lipids 


Time 

■min.) 

j  i/fOUp 

Heparin 
(  mu./ 

100  ml.) 

!  In:ralipid 

j  <WJ 

I  tOO  ml.) 

i  Intralipid 
land  heparin 
•  (mg./ 

\  100  ml.) 

0 

:ia0  2  40* 

331  1  3.' 

.! 2  .to 

5 

304  -  28 

880  2  86 

1.093  2  9.; 

;o 

k'80  2  48 

824  2  80 

914  2  74 

15 

321  1  16 

880  2  69 

1.003  2  _3 

20 

:?J2i  20 

806  2  78 

913  2  63 

30 

302  2  26 

734  2  HI 

839  2  1* 

40 

27-1  2  23 

7i 1 2  97 

710  2  31 

50 

271  i  la 

666 t  3b 

184  2  72 

60 

287  2  20 

604  2  9<‘ 

493  2  8  1 

70 

296  2  13 

334  2  112 

471  2  64 

ilO 

274  2  12 

310  2  107 

430  2  62 

ICO 

2662  16 

450  2  90 

t  -ij 

'’Mi'iti  ±  Mumbid  mot  #4  ih.-  «r?n. 


'if  the  fat.  This  elevated  level  returned  to 
base-line  values  at  the  end  of  two  hours.  ‘I  he 
injection  of  heparin  along  with  iutralipid 
resulted  in  a  significant  initial  rise  in  tof.l 
lipids  from  332  ±  30  mg.  jx-r  100  ml.  to  1.093 
:  93  nig.  |x-r  100  nil.  I  Fig.  31.  The  lipids  re¬ 
turned  to  base-line  level  50  minutes  after  the 
injection.  This  initial  rise  in  total  lipids  was 
higher  in  the  group  given  Intralipid  and 
heparin  than  in  the  group  given  Iutralipid 
alone  (1,095  i  93  versus  1180  ±  86  >,  but  this 
was  not  statistically  significant  (0.05  <  p  < 
0.5 1.  The  fatty  acids,  likewise,  rose  immedi¬ 
ately  after  injection  of  the  heparin  and  fat 
from  0.59  r  0.16  <•  E<|  }«-r  milliliter  to  11.30 
~  3.58  hEij  (p  <  0.02 1  and  then  liegati  to 
decline,  reaching  a  base-line  value  of  2.53  t 
1.13  i»Eq  j>er  milliliter  at  tile  end  of  iwo 
hours  (p  >  0.1'..  Once  again,  the  fatty  acid 
elevation  appeared  greater  in  this  group  than 
in  the  animals  given  only  Intralipid  f  11.30 
i  3.58  versus  4.58  *  1.88):  however,  these 
differences  were  not  statisticallv  significant 

1 0.05  <  p  <  0.1  >. 

TlirougSiout  the  exjierimem,  no  chatigi-s  in 
hematocrit  occurred  in  any  of  the  groujis. 
and  thrir  wen-  no  significant  dilferences  in 
hematocrit  among  the  three  grou|»s  of  ani¬ 
mals.  Tlie  prr  injection  red  celt  mobilities  for 
all  three  grtmfis  were  nut  statistically  dilfer- 
ent  fO.85  i  (i.O'l  ;i  per  second  jier  volt  j»rt 
centimeter  for  'lie  hi-jKirin-tro.m-d  animals. 


Fig.  2.  The  rib  it  nf  iiiirascnmelc  administered 
Im  i  iutrulipiu  I  a  a  diise  uf  0.4  Cm.  per  kilogram 
mi  scrum  levels  of  (nv  fully  acids  and  total  lipid-.. 
The  value'  are  expressed  as  the  mean  2  the  stan¬ 
dard  rrrnr  nf  the  mean. 


Ota — - - — s- — i 1 ■  i  .  .  * 

0  C  20  30  4C  90  60  TO  90  UO 

t  «OMT£S 

Hxcr  ch  v  mt  emjlson 

Fig.  3.  The  effect  of  iniravcnoiislv  administered 
fat  (Intralipid'  and  hejiarin  on  serum  lesels  of 
free  fatly  acids  and  Sntal  lipids.  The  values  are 
expressed  as  the  meal;  *  die  standard  error  of  the 
mean. 

0.76  r  0.09  for  tl—  group  given  Intralipid. 
and  0.83  2  0.12  for  the  animals  injected 
with  Imth  heparin  and  fai 1  (Tahir  JIJ  . 
The  animals  given  he|iarin  alone  showed  no 
change  in  red  cell  miihility  at  15  or  70  min¬ 
utes  after  the  heparin  injection  (Fig.  4'.  In 
the  intralipid  group,  the  red  cell  mobility 
decreased  from  0.76  f  0.09  to  0.47  t  0.09 
(J*  <  0.05  15  minutes  after  the  fat  injec¬ 

tion  and  then  returned  to  a  liase-line  value 
of  0.81  4  0.16  ip  >  0.7 >  after  70  minutes 
The  same  iiatirn;  was  seen  in  the  animals 
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F»je.  4.  Change*  in  i«I  <  rll  mobility  (mean  i  SF.Mi  fdhnvinjr  the  injection  of  Intralipid. 
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treated  with  Ixitlt  tat  and  heparin.  Fifteen 
minutes  after  the  injection,  the  mobility  tie- 
creased  to  0.47  i  0.13  (p  <  0.05 1  and  tlien 
returned  to  a  base-line  value  of  0.56  ±  0.12 
(p  >  0.1  >  after  70  minutes.  The  whole 
blood  viscosity  measurements  were  evahtateti 
statistically  by  analysis  of  variance.  Gnni|» 
of  data  shown  to  contain  significant  differ¬ 
ences  were  further  examined  by  Duncan's 
multiple  range  test  to  find  those  values  sig¬ 
nificantly  different  from  base-line  values." 
Prior  to  injection  of  fat  or  heparin  or  both. 


tlx-  whole  blood  \iscosity  Valin’s  of  all  three 
gmu|is.  at  shear  rates  varying  from  11.5  to 
115  sec.  were  not  significantly  different 
I  Pig.  5  ami  Table  IV*.  Likewise.  the  ani¬ 
mals  given  only  hc|>arin  showed  no  changes 
in  viscosity,  at  the  varying  shear  rates.  15 
and  70  minutes  after  injection.  In  the  Intra- 
lipid  group,  a  significant  decrease  in  viscosity 
w.-<>  serii  15  minutes  after  the  fat  injection  at 
a  shear  rate  of  11.5  \ee.'!  Thr  value  de- 
cieawd  from  9,78  tl.66  to  6.46  i  0.77 

i  ente|M>i'e  -p  <  0.05’.  At  70  minutes,  a 
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Table  III.  Red  blood  cell  mobility 


Time 
(  min.) 

j  Group 

| 

Heparin 

(p/itc./ 

:  ./cm.) 

| 

Intraliptd 

(ft/ see  J 
i./cm.) 

Intralipid 
and  heparin 
Sprite./ 
x-./ettx.) 

0 

0.H5  i  0.09* 

0.1c  1  0.09 

0.8310.1:.* 

15 

0.63*0.14 

0.47  ♦  0.09 

0.47  2  0.13 

70 

0.62  2  0.13 

0.111  2  0.16 

0.36  i  o.rg 

’Mrth  ?  %UuiIjI(I  (it'll  ol  llir  mf4H. 


significant  decrease  >  p  <  0.03  was  v  :-ti  at 
shear  rates  of  H.5  and  215.  On  the  other 
hand,  the  animals  given  fat  and  heparin 
showed  a  significant  rise  in  viscosity  15  min¬ 
utes  after  injection  and  then  a  return  to 
fuse-line  viscosity  values  at  70  minutes.  The 
viscosity  increased  ftom  8.12  t  0.90  to  i:5.72 
=  2.615  ceniepoise  at  a  shear  rate  of  11.5 
sec.  1  (j»  <  0.01  >.  ftotn  7.44  i  0.57  to  11.82 
2  1.83  at  a  shear  rate  of  21$  ■  p  <  0.01  and 
from  7.26  t  0.52  to  (0.54  ±  1.30  at  a  shear 
rate  of  46  (p  <  0.05 »  13  minutes  after  the 
injection  of  Intralipid  and  heparin. 

OISCUSSION 

The  det  rests*-  in  red  cell  mobility  15  min¬ 
utes  after  the  injection  of  fat  alone  or  of  fat 
and  hcjiarin  {tandlelcd  the  jteak  rise  in  free 
fatty  acids  and  total  lipids.  At  70  minutes, 
when  the  red  cel!  mobility  had  returned  to  a 
preinjection  value,  the  free  fatty  acids  and 
total  lipids  had  returned  tt»  base-line  levels. 
The  high  levels  of  fatty  acids.  occurring  15 
minutes  after  the  fat  itijeetifin,  may  in  sonte 
way  alttT  the  surface  t barge  of  the  red  nil 
and  thereby  lead  to  decreased  red  eel!  mo¬ 
bility.  Red  cell  moltiliiv  is  related  to  red  cell 
surface  charge  by  she  crpiatiou  given  in  the 
section  on  materials  and  methods:  there- 
fore.  a  dectease  in  red  cell  mobilstv  would 
correspond  to  a  tleerrase  in  surface  charge. 
A  fall  in  red  cell  surface  charge  would  favor 
aggregation  of  ted  blood  cells  with  sulwe- 
rptent  stasis  and  deetcased  How  through 
capillaries.'-  r-  '  Iforwit/*  olrsorvrd  a  decrease 
in  red  cell  surface  ctia«gr  in  septic  sltock  inn 
not  in  hemorrhagic  shock.  Then-fore.  tin'  rise 
of  intravenous  fat  during  septic  shock  might 
lead  to  further  errenw  in  capillary  Itiixd 
flow. 


I  able  1\ .  Whole  blood  fiM'mity 


Group 

Shear 

rate 

(see.-1) 

Heparin 
{ rente - 
poiu  ) 

1  Intralipid 
|  ( rente- 

i  poire) 

Ir.tralipid 
and  heparin 
(  rente- 
poor) 

Time 

min. 

11. ’• 

10.33  2  1.03* 

9.78  2  0.66 

8.12  2  0.96 

9.38  2  0.54 

8.89  2  0.38 

7.44  *  0.57 

46 

8.08  2  0.32 

8.09  2  0.23 

7.26  i  0.52 

1 13 

6.65  J  0.111 

6.35  2  0.16 

6.16  2  0.43 

Titnr 

15  turn. 

11.5 

1 1.23  2  2.09 

6.46  2  0.77 

I3.72  2  2.6 5 

*5 

8.90  2  0.89 

6.44  2  0.74 

M 212  2  1.8! 

46 

7.78 2 0.62 

6.20  2  0.49 

10.54  2  1.30 

113 

6.23  2  0.39 

5. 10  2  0.37 

8.22  2  0.89 

Time 

70  r:in. 

11.3 

8.23  2  0.93 

6.14  2  0.40 

3.99  2  0.21 

„>:t 

7.73  2  0.54 

5.94  2  0.33 

3.96  1  0.3! 

16 

6.85  *  0.43 

.5.50  2  0.24 

3.64  2  0.47 

3.65  2  0.29 

3.08  *  0.24 

4.90  2  0.17 

SKXt. 

The  injection  of  fat  alotie  led  to  a  signifi¬ 
cant  decrease  in  whole  blood  viscosity  at  15 
am!  70  iniimt.s>  alter  the  injection,  whereas 
the  injection  of  intrnlipid  and  Itejrarin  te- 
sulted  in  s  rise  in  viscosity  15  mitiutes  later 
with  a  return  to  baseline  values  at  70  min¬ 
utes.  ’lime  two  opposite  (hidings  art-  dilltcolt 
to  explain.  ’Hie  total  lipid  values  it;  both 
giouj»  weir  essentially  t!ir  same:  whereas 
at  55  minutes,  tire  fr<-e  fatty  acids  in  the 
annuals  given  fat  and  Iv-jtarin  were  higher 
than  in  those  given  just  fat.  At  70  mitttOto. 
Itoth  gtoujw  had  similar  levels  of  ftee  fatty 
acids.  Whether  the  higher  level  of  fattv  arwls 
in  the  group  given  lutralipid  ami  Itcpariu 
e«m‘d  account  for  tin*  visjosilv  dilTetenccs  is 
June  conjecture.  Merrill  arid  colleagues' 
found  that  the  yicki  sfica*-  stress  n**c  time 
hours  after  a  fatty  meal  hut  returned  to  nor¬ 
mal  six  hours  after  the  fat  itigcslHifi,  at  a 
time  when  the  scrum  triglvorrivle  level  was 
at  a  maximum.  They  a  1m.  showed  that  the 
yield  sliear  sttess  in  tltcre  sobjiets  im" teased 
markedly  as  the  tmijicTatuir  was  lowered. 
In  an  earlier  article.  Merrill’  cnnni tented 
that  then*  were  no  clear-cut  data  slmwing 
that  li\iei!i|»riiia  jlfrflol  the  theology  of 
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blood.  Krueger/'  utilizing  the  technique  of 
intravita'  micros;  s  jiy,  showed  that  the  ad- 
tnitmvr  on  of  tin*  fat  emulsion,  l.ipttfutidiu. 
led  ttf -  .'.cased  (low  through  the  capillaries 
of  the  pa  a-reas  and  mesenteric  aiii|KiM>  tis¬ 
sue.  l.qsofuudiis.  however.  dilVers  significantly 
from  lutralipid  in  that  it  is  a  cottonseed  oi! 
emulsion  wi'h  a  soyltouit  phosphatide  as  the 
emulsifier,  wnereas  Inttalipid  is  a  soybean  oil 
emulsion  with  an  egg  yolk.  ohnsphatide  as  the 
einulsifh'F. 

In  oondu,  1  an,  on  the  om*  Stand.  red  celt 
*•  ability  decreased,  wine*  would  appear  to 
("  or  r<*d  evil  aggregation  and  result  in  ile- 
»'  ■  apiliar.  flow:  on  the  other  baud. 
•>.  nod  viscosity  apwared  to  decrease1 
1  .  .1  injection  bttt  isKieased  when  bepa- 
,  a-.ts  givt-rs  in  addition  to  tltc  tat.  The 
elmfcnl  implications  of  these  data  are  purely 
sjwculaliv*,  attd  no  assertion  can  l>e  made  as 
to  whether  Intralipid  is  hetsefkial  or  har.ttfui 
in  patients  with  a  compromised  rnicrorucuta- 


SUMMARY 


Red  hfcjcd  cell  mobility  and  whole  blood 
viscosity  were  measured  in  15  baboons  after 
the.  intravenous  administration  of  heparin  or 
latrili]«d  or  both.  Red  cell  mobility  atrd 
wltote  blood  viscosity  did  not  change  in  the 
group  given  ncjwrin.  file  animals  given  fat 
or  fat  and  heparin  sltowcd  a  decn-ase  in  red 
cell  mobility.  The  whoh*  Irkod  viscosity. 
Iwtttstt,  decreased  in  tl»e  grouts  given  just 
fat  but  increased  in  the  animals  giver;  Iwth 
fat  and  heparin.  The  implications  of  these 
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findings  i«>  How  thtougli  the  niicroeirrulari-ati 
and  to  the  clinieal  use  of  Intmlipid  are  dis¬ 
cussed. 


The  authors  arkiiuwlftlftt-  the  teelmieal  &s*i»t- 
amt-  of  ?*  J.  Maitee  and  Mr.  J.  Ewell  ami  the 
following  Navy  hospital  corpsineu:  Horton.  Volk* 
er.  Hawker,  Dostalek,  Spenticr.  Strohinan,  Martin¬ 
son.  Lane.  West.  Chester.  Koul.toii,  Ki/is,  *rhoinp- 
son.  Shouitleis,  ant]  Reariv. 
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